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APPARATUS AND METHOD FOR CHANGING THE DYNAMIC RESPONSE OF AN 
ELECTROMAGNETICALLY OPERATED ACTUATOR 

BACKGROUND OF THE INVENTION 
5 The invention relates in general to electromagnetically operated actuators for 

controlling fluid flow and in particular to varying the dynamic response of such actuators. 

Various components such as servo-valves, pressure regulators and fuel injectors may 
be used in both open and closed loop dynamic control systems for controlling fluid flow. It 
10 may be necessary to change the response characteristic of such components to fine tune the 
component within the system or to alter the overall system characteristic. 

Electromagnetically operated actuators for controlling fluid flow generally include an 
armature disposed in a sleeve and actuated by an electric coil. The actuators control the 

15 amount of fluid flow at different pressures and are designed to operate within a certain range. 
Various conditions, such as high pressure and temperature, may push the limits of the 
actuator's operating range. Conditions such as high pressure and temperature change the 
operating fluid viscosity dramatically. Such changes in fluid viscosity may force the actuator 
to become unstable and oscillate. Thus, a need exists for an actuator which remains stable 

20 under varying conditions of pressure and temperature. 

SUMMARY OF THE INVENTION 

The present invention provides an apparatus comprising an armature having at least 
one groove formed on an exterior surface thereof; a sleeve, the armature being movably 
25 disposed in the sleeve; and a spring member disposed in the at least one groove in the 

armature and in sliding contact with the sleeve wherein the spring member exerts a radially 
outwardly directed spring force against the sleeve. 

Another aspect of the invention is a method of stabilizing an electromagnetically 
30 operated actuator comprising providing an armature having at least one groove formed on an 
exterior surface thereof; providing a sleeve wherein the armature is movably disposed in the 
sleeve; and disposing a spring member in the at least one groove in the armature and in 
sliding 
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contact with the sleeve whereby the spring member exerts a radially outwardly directed 
spring force against the sleeve. 

Yet another embodiment of the invention is an apparatus comprising a sleeve having 
5 at least one groove formed on an interior surface thereof; an armature, the armature being 
movably disposed in the sleeve; and a spring member disposed in the at least one groove in 
the sleeve and in sliding contact with the armature wherein the spring member exerts a 
friction force against the armature. 

10 Another aspect of the invention is an apparatus comprising an armature having at least 

one radial opening formed therein; a sleeve, the armature being movably disposed in the 
sleeve; a spring disposed in the at least one radial opening in the armature; and a bearing 
member disposed on one end of the spring and in sliding contact with the sleeve wherein the 
bearing member exerts a radially outwardly directed force against the sleeve. 

15 

Further objects, features and advantages of the invention will become apparent from 
the following detailed description taken in conjunction with the following drawing. 

BRIEF DESCRIPTION OF THE DRAWING 
20 Figure 1 is a cross-section of a first embodiment of the invention. 

Figure 2 shows the groove and spring member of Figure 1 in an enlarged view. 

Figure 3 is a perspective view of the armature of Figure 1. 

Figure 4 is a perspective view of a second embodiment of the invention. 

Figure 5 is a perspective view of a third embodiment of the invention. 
25 Figure 6 is a perspective view of a fourth embodiment of the invention. 

Figure 7 is a side view of the embodiment of Figure 6. 

Figure 8 is a perspective view of a fifth embodiment of the invention. 

Figure 9 is a perspective view of a sixth embodiment of the invention. 

Figure 10 is a perspective view of a seventh embodiment of the invention. 
30 Figure 1 1 is a perspective view of an eighth embodiment of the invention. 

Figure 12 is a cross- section of the embodiment of Figure 11. 

Figure 13 is a cross- section of a ninth embodiment of the invention. 

Figure 14 shows the groove and spring member of Figure 13 in an enlarged view. 

Figure 15 is an exploded view of a tenth embodiment of the invention. 

2 
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Figure 16 is a sectional view of the embodiment of Figure 15. 

Figure 17 is a sectional view of an eleventh embodiment of the invention. 

5 DETAILED DESCRIPTON OF THE PREFERRED EMBODIMENT 

The embodiments of the invention may be used in components such as servo-valves, 
regulators and injectors for stabilizing system oscillations. An exemplary application is to 
stabilize fuel system pressure oscillations, although the embodiments may be used in other 
appUcations as well. 

10 

The embodiments of the invention include an electromagnetically operated armature. 
The armature is movably disposed in a sleeve. An electric coil causes the armature to move in 
the sleeve. At least one groove is formed on an exterior surface of the armature, A spring 
member is disposed in the groove. The spring member is free to expand and make contact 
15 with the sleeve while maintaining contact with the armature. Because it is a spring, the spring 
member exerts a radially outwardly directed spring force against the sleeve. The spring 
member, therefore, constantly exerts mechanical friction between the armature and the 
sleeve. The mechanical friction slows the response of the armature movement and extends the 
stable operating range of the component in which the armature is disposed. 

20 

Figure 1 is a cross-section of a first embodiment of the invention. Figure 2 shows the 
groove and spring member of Figure 1 in an enlarged view. Figure 3 is a perspective view of 
the armature of Figure 1. 

25 Referring to Figures 1-3, an armature 20 is movably disposed in a sleeve 22. When 

energized, an electric coil 24 causes the armature 20 to move within the sleeve 22. The 
armature 20 has at least one groove 26 formed on an exterior surface thereof A spring 
member 28 is disposed in the groove 26 and contacts the sleeve 22. The spring member 28 
exerts a radially outwardly directed spring force against the sleeve 22. A hole 30 extends 

30 axially through the armature 20 so that fluid may flow through the armature from one side to 
the other. The hole 30 may be formed along the longitudinal axis of the armature or may be 
offset from the longitudinal axis. 
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Preferably, the armature 20 is generally cylindrical in shape, although other shapes of 
the armature are possible. The groove 26 may be formed in the armature 20 by, for example, 
machining, or the armature 20 may be cast with the groove 26 formed during the casting 
process. The groove 26 is located on the armature 20 where it will not interfere with the 
magnetic path. 

Preferably, the groove 26 is concentric with the longitudinal axis of the armature. The 
groove 26 extends at least partially around the circumference of the armature and may extend 
completely around the armature. Likewise, the spring member 28 may extend partially 
around the circumference of the armature or it may extend completely around the armature. 
The spring member 28 also reduces wear on the armature. 

The sleeve 22 and spring member 28 may be made of, for example, metal, plastic or 
fiber-reinforced plastic. In one embodiment, the spring member 28 is made of piano wire. 
Whatever the material of construction, the spring member 28 functions as more than a mere 
seal or bearing surface between the armature 20 and the sleeve 22. The spring member 28 
functions as an active spring by exerting a radially outwardly directed spring force against the 
sleeve 22. The armature 20 is made of a metal. 

The amount of friction between the spring member 28 and the sleeve 22 may be 
varied by changing the diameter or the stiffness of the spring member 28. The amount of 
friction may also be changed by adding additional grooves 26 with spring members 28 
disposed therein. Figure 4 shows an armature 20 with three grooves 26 formed therein. 

Figure 5 shows an armature 20 with a helical groove 32. As in the case of the 
concentric grooves 26, the helical groove 32 receives a spring member 28. 

Figure 6 shows an armature 20 with a groove 34 that is substantially parallel to the 
longitudinal axis of the armature. Figure 7 is a side view of the armature of Figure 6 showing 
a spring member 36. The spring member 36 is substantially horizontal, but is longer than the 
groove 34. Because the spring member 36 is longer than the groove 34, it bows upward to 
provide a radially outwardly directed spring force against the sleeve 22. 



Express Mail No. EL443493374US 



4 



Figure 8 shows an armature 20 with groove 26. In this embodiment, the armature 20 
has no through holes. Figure 9 shows an armature 20 with three through holes 38. The 
through holes 38 extend axially through the armature 20 so that fluid may flow through the 
armature from one side to the other. The number and placement of the through holes may be 
5 varied to suit individual operating conditions. 

Figure 10 is a perspective view of another embodiment of the apparatus according to 
the present invention. The armature 20 with groove 26 includes a plunger or valve member 
40, The valve member 40 may be formed integrally with the armature 20 or may be attached 
10 to the armature by, for example, threads. The valve member 40 may close and open an orifice 
(not shown) in the particular pressure regulating device within which the armature is 
disposed. It is also possible that the armature itself, without the additional valve member 40, 
may function as a plunger or means for opening and closing an orifice. 

15 Figure 1 1 is a perspective view of an eighth embodiment of the invention. Figure 12 is 

a cross-section of the embodiment of Figure 11. The armature 42 has a generally 
parallelepiped shape. At least one groove 44 is formed in the armature 42. A spring member 
46 is disposed in the groove 44. In this embodiment, the sleeve wherein the armature 42 is 
disposed would also have a generally parallelepiped shape. Other shapes of the armature are 

20 also possible, such as a star shape, a triangular shape, a pentagonal shape, etc. 

With reference again to Figures 1-3, another embodiment of the invention is a method 
of stabilizing an electromagnetically operated actuator. The method includes providing an 
armature 20 with at least one groove 26 formed therein. A spring member 28 is placed in the 

25 groove 26. The armature 20 and spring member 28 are disposed in a sleeve 22. The armature 
20 may have no through holes (Figure 8), one through hole (Figure 1) or a plurality of 
through holes (Figure 9). Because it is a spring, the spring member 28 exerts a radially 
outwardly directed spring force against the sleeve 22. The spring member 28 is free to expand 
and make contact with the sleeve 22 while maintaining contact with the armature 20. The 

30 spring member 28, therefore, constantly exerts mechanical friction between the armature 20 
and the sleeve 22. The mechanical friction slows the response of the armature movement and 
extends the stable operating range of the component in which the armature 20 is disposed. 

5 
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Figure 13 is a cross-section of a ninth embodiment of the invention. Figure 14 shows 
the groove and spring member of Figure 13 in an enlarged view. 

Referring to Figures 13 and 14, an armature 64 is movably disposed in a sleeve 60. 
5 When energized, an electric coil 66 causes the armature 64 to move within the sleeve 60. The 
sleeve 60 has at least one groove 62 formed on an interior surface thereof The groove 62 
may be formed in the sleeve 60 by, for example, machining, A spring member 70 is disposed 
in the groove 62. The spring member 70 is maintained in place in the sleeve 60 by exerting a 
radially outwardly directed spring force against the groove 62 in the sleeve 60. 

10 

The inside diameter of the spring member 70 forms a friction fit with the armature 64. 
The dynamic response of the armature 64 may be varied by using spring members 70 with 
different inside diameters. By changing the inside diameter of the spring member 70, the 
amount of friction force on the armature 64 changes. The amount of friction may also be 
15 changed by adding additional grooves 62 with spring members 70 disposed therein. 

A hole 68 extends axially through the armature 64 so that fluid may flow through the 
armature from one side to the other. The hole 68 may be formed along the longitudinal axis 
of the armature or may be offset from the longitudinal axis. 

20 

Preferably, the armature 64 is generally cylindrical in shape, although other shapes of 
the armature are possible. The groove 62 is located on the sleeve 60 where it will not interfere 
with the magnetic path. Preferably, the groove 62 is concentric with the longitudinal axis of 
the sleeve. The groove 62 extends at least partially around the circumference of the sleeve 
25 and may extend completely around the sleeve. Likewise, the spring member 70 may extend 
partially around the circumference of the sleeve or it may extend completely around the 
sleeve. 

Figure 15 is an exploded view of a tenth embodiment of the invention. Figure 16 is a 
30 sectional view of the embodiment of Figure 15. In the embodiment of Figures 15 and 16, the 
armature 72 includes at least one radial opening 74. The radial opening 74 may be formed by, 
for example, drilling the opening 74 in the armature 72. A spring 76 is inserted in the radial 
opening 74. One end of the spring 76 bears against the bottom of the opening 74. A bearing 
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member 78 is located on the other end of the spring 76. The bearing member 78 may be, for 
example, a ball bearing. 

As shown in Figure 16, the bearing member 78 bears against the sleeve 80 because of 
5 the force of the spring member 76, The bearing member 78 creates a radially outwardly 
directed force against the sleeve 80. The force created by the bearing member 78 may be 
varied by changing the spring force of the spring member 76. 

Figure 17 is a sectional view of an eleventh embodiment of the invention. In Figure 
10 17, the armature 82 includes at least one radial opening 84. The radial opening 84 extends 
completely through the armature 82. The radial opening 84 may be formed by, for example, 
drilling. A spring 86 is disposed in the radial opening 84, On each end of the spring 86 are 
bearing members 88, such as ball bearings. The bearing members 88 are in sliding contact 
with the sleeve 90. 

15 

The spring 86 forces the bearing members 88 radially outward against the sleeve 
thereby creating friction between the sleeve 90 and the bearing members 88. The amount of 
friction between the sleeve 90 and the bearing members 88 may be varied by changing the 
spring force of the spring 86. The friction force may also be changed by adding additional 
20 openings with springs and bearing members. Figure 17 shows two radial openings 84 with 

springs 86 and bearing members 88. Only one opening 84 may be used or more than two may 
be used, depending on the amount of friction desired. 

While the invention has been described with reference to certain preferred 
25 embodiments, numerous changes, alterations and modifications to the described 

embodiments are possible v^thout departing from the spirit and scope of the invention as 
defined in the appended claims, and equivalents thereof 
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WHAT IS CLAIMED IS: 

1. An apparatus, comprising: 

an armature having at least one groove formed on an exterior surface thereof; 
a sleeve, the armature being movably disposed in the sleeve; and 
5 a spring member disposed in the at least one groove in the armature and in sliding contact 

with the sleeve wherein the spring member exerts a radially outwardly directed spring force 
against the sleeve. 

2. The apparatus of claim 1 further comprising an electric coil disposed adjacent the sleeve 
10 for moving the armature in the sleeve. 

3. The apparatus of claim 1 wherein the armature is generally cylindrical in shape. 

4. The apparatus of claim 3 wherein the at least one groove is concentric with a longitudinal 
15 axis of the armature. 

5. The apparatus of claim 4 wherein the at least one groove extends at least partially around 
a circumference of the armature and the spring member extends at least partially around the 
circumference of the armature. 

20 

6. The apparatus of claim 1 wherein the armature defines at least one hole extending axially 
through the armature so that fluid may flow through the armature fi-om one side to the other. 

7. The apparatus of claim 4 wherein the armature has a plurality of grooves defined therein, 
25 the grooves being concentric with the longitudinal axis of the armature, the apparatus further 

comprising a plurality of spring members disposed in the plurality of grooves, respectively. 

8. The apparatus of claim 3 wherein the groove is formed on the armature in a helical 
pattern. 

30 

9. The apparatus of claim 6 wherein the armature defines a plurality of holes extending 
axially through the armature so that fluid may flow through the armature from one side to the 
other. 
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10. The apparatus of claim 3 wherein the groove is substantially parallel to a longitudinal 
axis of the armature. 

11. The apparatus of claim 1 wherein the armature includes a valve portion extending from 
5 one end thereof 

12. The apparatus of claim 1 1 wherein the valve portion is formed integrally with the 
armature. 

10 13, The apparatus of claim 1 1 wherein the valve portion is threaded into the armature. 

14. The apparatus of claim 1 wherein the armature has a generally parallelepiped shape. 

15. The apparatus of claim 1 wherein the sleeve comprises a plastic material. 

15 

16. The apparatus of claim 1 wherein the sleeve comprises a metal material. 

17. The apparatus of claim 1 wherein the sleeve comprises a fiber-reinforced plastic material. 
20 18, The apparatus of claim 1 wherein the spring member comprises a plastic material. 

19. The apparatus of claim 1 wherein the spring member comprises a metal material. 

20. The apparatus of claim 1 wherein the spring member comprises a fiber-reinforced plastic 
25 material. 

21. A method of stabilizing an electromagnetically operated actuator, comprising: 
providing an armature having at least one groove formed on an exterior surface thereof; 
providing a sleeve wherein the armature is movably disposed in the sleeve; and 

30 disposing a spring member in the at least one groove in the armature and in sliding 

contact with the sleeve whereby the spring member exerts a radially outwardly directed 
spring force against the sleeve. 



22. An apparatus, comprising: 

Express Mail No. EL443493374US 



9 



a sleeve having at least one groove formed on an interior surface thereof; 
an armature, the armature being movably disposed in the sleeve; and 
a spring member disposed in the at least one groove in the sleeve and in sliding contact 
with the armature wherein the spring member exerts a friction force against the armature. 

5 

23. The apparatus of claim 22 further comprising an electric coil disposed adjacent the sleeve 
for moving the armature in the sleeve. 

24. The apparatus of claim 22 wherein the armature is generally cylindrical in shape. 

10 

25. The apparatus of claim 24 wherein the at least one groove is concentric with a 
longitudinal axis of the sleeve. 

26. The apparatus of claim 25 wherein the at least one groove extends at least partially 

15 around an inner circumference of the sleeve and the spring member extends at least partially 
around the inner circumference of the sleeve. 

27. The apparatus of claim 22 wherein the armature defines at least one hole extending 
axially through the armature so that fluid may flow through the armature from one side to the 

20 other. 

28. An apparatus, comprising: 

an armature having at least one radial opening formed therein; 

a sleeve, the armature being movably disposed in the sleeve; 
25 a spring disposed in the at least one radial opening in the armature; and 

a bearing member disposed on one end of the spring and in sliding contact 
with the sleeve wherein the bearing member exerts a radially outwardly directed force against 
the sleeve. 

30 29. The apparatus of claim 28 wherein the at least one radial opening extends partially 
through the armature and another end of the spring bears against a bottom of the radial 
opening in the armature. 
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30. The apparatus of claim 28 wherein the at least one radial opening extends completely 
through the armature, the apparatus further comprising a second bearing member disposed on 
another end of the spring and in sliding contact with the sleeve wherein the second bearing 
member exerts a radially outwardly directed force against the sleeve. 

5 

3 l.The apparatus of claim 30 further comprising a plurality of radial openings extending 
completely through the armature; a plurality of springs disposed in the plurality of radial 
openings, respectively; a plurality of bearing members, the bearing members disposed on 
each end of each of the plurality of springs, respectively; wherein the plurality of bearing 
10 members are in sliding contact with the sleeve and exert a radially outwardly directed force 
against the sleeve. 

32. An apparatus, comprising: 
an armature; 

15 a sleeve, the armature being movably disposed in the sleeve; and 

a spring member in sliding contact with one of the armature and the sleeve wherein the 
spring member creates a friction force between the sleeve and the armature. 

33. The apparatus of claim 32 wherein the armature includes at least one groove formed on 
20 an exterior surface thereof; the spring member being disposed in the at least one groove in the 

armature and in sliding contact with the sleeve wherein the spring member exerts a radially 
outwardly directed spring force against the sleeve. 

34. The apparatus of claim 32 wherein the sleeve includes at least one groove formed on an 
25 interior surface thereof; the spring member being disposed in the at least one groove in the 

sleeve and in sliding contact with the armature wherein the spring member exerts a friction 
force against the armature. 

35. The apparatus of claim 32 wherein the armature has at least one radial opening formed 
30 therein; the spring member comprising a spring disposed in the at least one radial opening in 

the armature and a bearing member disposed on one end of the spring and in sliding contact 
with the sleeve wherein the bearing member exerts a radially outwardly directed force against 
the sleeve. 
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ABSTRACT OF THE DISCLOSURE 

An apparatus for use in components such as servo-valves, regulators and injectors for 
stabilizing system oscillations. The apparatus includes an armature having at least one groove 
formed on an exterior surface thereof; a sleeve, the armature being movably disposed in the 
5 sleeve; and a spring member disposed in the at least one groove in the armature and in sliding 
contact with the sleeve wherein the spring member exerts a radially outwardly directed spring 
force against the sleeve. A method of stabilizing an electromagnetically operated actuator 
comprises providing an armature having at least one groove formed on an exterior surface 
thereof; providing a sleeve wherein the armature is movably disposed in the sleeve; and 
10 disposing a spring member in the at least one groove in the armature and in sliding contact 
with the sleeve whereby the spring member exerts a radially outwardly directed spring force 
against the sleeve. 

15 
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